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(Shell Model, $\mathrm{S}\mathrm{M}$ ) . .
$\cdot$ .r :. $.\overline{\vee}$
, Gledzer (1973 [1] ) ,
. Navier-Stokes
, .
, $k_{n}=k0q^{n},$ $q>1$ ,
$k_{n}<|k|<k_{n+1}$ $u_{n}$ . $u_{n}$
. . $u_{n}$
, , 3 (Yamada&Ohkitani 1987 [2]) ,
.
$( \frac{d}{dt}+\nu k_{n}^{2})u_{n}$ $=$ $i \sum_{ml}^{\triangle}Anm\iota uu^{*}ml*+f\cdot\delta_{n,n0}$ (1)












. , Gauss Gauss
. Navier-Stokes
.
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. Gauss
, Navier-Stokes .
, Navier-Stokes (Modi ed Navier-Stokes, MNS )
. , $\mathrm{N}$ ,
.
$\triangle$
$( \frac{d}{dt}+\nu k^{2})u_{n}^{\alpha}(k, t)$ $=$ $M_{n7nl}(k)$ $\sum$ $\Phi_{\alpha\beta\gamma}u_{m}^{\beta}(p, t)\prime u^{\gamma}\iota(q, t)$ (2)
$k=p+q,\beta\gamma$




. $u^{\gamma}$ $u^{\beta}$ $u^{\alpha}$
, $\Phi_{\alpha\beta\gamma}$
. Navier-Stokes $Narrow\infty$ , (Di-
rect interaction approximation, DIA. Kraichnan 1959 [3], 1961)





$( \frac{d}{dt}+\nu k_{n}^{2})u^{\alpha}n$ $=$ $\sum_{m\beta,l\gamma}^{\triangle}A\Phi\beta\gamma m(u^{\beta}t)u_{l}^{\gamma}(t)nm\iota\alpha+f\cdot\delta_{n,n_{0}}(t)$ (4)
(1) , (4) $u_{n}^{(\alpha)}$ $(\alpha=1, \cdots\cdot N)$ ,
$\Phi_{\alpha\beta\gamma}$ . DIA $Narrow\infty$
, $k^{-5/3}$ . - $Narrow 1$
(1) Navier-Stokes Gauss , kolmogorov
. $N$ , Gauss
DIA
(Eyink 1994). Modi ed shell model .
$\Phi_{\alpha\beta\gamma}$ . , $\Phi$
(Random Coupling Model. Kraichnan 1961 [4]), $\Phi$
-
[5] (Spherical Model. Mou&Weichlnan 1993 [6])
Random Coupling Shell Model, Spherical Shell
Model (SPSM) . Eyink [7] SPSM . SPSM ,
.
$\triangle$
$( \frac{d}{dt}+\nu k_{n}^{2})\mathrm{t}^{\alpha}n$ $=$
$\sum_{n\iota\beta,l\gamma}A\iota W^{\alpha}\gamma\beta*(t)u^{/*}(tnmN\prime n\beta u\wedge l)+f\cdot\delta_{n,n_{0}}(t)$
(5)
, $2J+1$ . $\alpha=-J\sim J$ . $\beta,$ $\gamma$
. $W_{N}^{\alpha\beta\gamma}$ Clebsch-Gordan . $J=0$ , SM
. , $Jarrow$ , $2J+1$ , , SM
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. $Jarrow\infty$ , Eyink $\mathrm{K}$
$41\mathrm{s}\mathrm{c}\mathrm{a}\mathrm{l}\mathrm{i}_{\mathrm{l}\mathrm{l}}\mathrm{g}$ .
, $.I$ , $J$
. , 2 .
1:1 ,
2:2 , , KolIIIogorov
1 , , , ,
.




$E(k_{n})$ $=$ $K\overline{\epsilon}k_{n}2/3-5/3$ (6)
$K$ , Kolmogorov . $-5/3$ $\delta$ ,
,
$E(k_{n})$ $=$ $K\overline{\epsilon}k_{n}^{-}2/35/3(k_{n}\eta)-\delta$ $\eta=\frac{1}{k_{d}}$ (7)
. $k_{d}$ Kolmogorov . , $\delta=0$ $\mathrm{K}41$ scaling
. Kolmogorov ,
$K$ $=$ $\overline{\epsilon}k_{n}2/35/3(kn\eta)^{\delta}E(k_{n})$ (8)
, .
2 Spherical Shell Model
, Pierotti [8] . Pierotti $\mathrm{V}_{}^{arrow}\text{ }$ SPSM
SPSM . SPSM
. $u_{n}^{\alpha}=x_{n}^{\alpha}+iy_{n}^{\alpha}$ .
$( \frac{d}{dt}+\nu k_{7l}^{2})un\alpha$ $=$ $i \sum_{m\beta,\iota_{\gamma}}^{\triangle}A_{n}\iota WmNu(\alpha\beta\gamma\beta mt)*u_{l^{*}}(\gamma t)+f\cdot\delta_{n,n_{0}}(t)$ (9)
$\Downarrow$
$( \frac{d}{dt}+\nu k_{7}2l)x_{n}\alpha$ $=$ $ik_{n} \sum_{j\beta,\gamma=-}W_{N}\alpha\beta\gamma[u1u^{\gamma}*\theta*\frac{\epsilon}{2}n+n+2^{-}uj\gamma\beta**n-1u+n1-\frac{(1-\epsilon)}{4}u_{n-12}^{\beta*}*\gamma u_{n}-]$
$+f$
. . $\delta_{nn_{0}}$ (10)
$\Downarrow$
. $( \frac{d}{dt}+\nu k_{n}^{2})x^{\alpha}\prime l$ $=$ $k_{n} \sum_{-J}W\alpha\theta\gamma[\wedge^{r}n+1^{\mathit{1}/_{n}}+‘ \mathit{2}^{+_{J}x^{\gamma}-}\mathrm{c}_{r}t+1\gamma l+2\frac{\epsilon}{2}(_{X}\theta_{:\prime}\wedge=jX\beta\gamma\beta\beta\tau l-1^{1^{\wedge}}J_{7l}’+1$
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$+y_{\gamma}^{\theta\oint}l-1lJ \prime i,)j-\frac{(1-\mathcal{E})}{4}\wedge+\perp(x-1y_{\mathit{7}}\prime l1-2+y\beta\gamma \mathit{3}\wedge\prime 1l1-n-2x)]*\alpha+f\cdot\delta n,\perp$ (11)
. $( \frac{d}{dt}+\nu k^{2},l)y^{\alpha}n$ $=$ $k_{n}$ $\sum J$ $W_{N}^{\alpha\beta\gamma}[ilix^{\gamma}- \prime l\tau J_{\tau l+}l/^{\gamma}n+\frac{\epsilon}{2}(r\beta/\mathit{3}X\perp+212^{-}7\iota-1X_{ll}l+\beta-’+1$
$\beta,\gamma=-J$
$-y_{n-11}^{\theta*} \mathrm{c}_{n}J^{\gamma}+)-\frac{(1-\xi)}{4}(x^{\beta\beta\gamma}-1\prime 2^{-}\mathrm{e}rlx^{\gamma_{l-}}J7l-1yn-2)]+f^{\alpha}\cdot\delta n,1$ (12)
$\alpha=-J\sim J$ ; $N=2J+1$ , $n=1,$ $\cdot\cdot\cdot,$ $n_{\max},$ $n_{0}=1$ . $W_{N}^{\alpha\beta\gamma}$ Clebsch-
Gordan , $\epsilon$ . $k_{n}$
.
$k_{n}$ $=$ $k\mathit{0}^{\cdot}q^{n}$ $(q>1,1\leq n\leq n_{\max})$ (13)
. , $q=2$ .
$x_{n}^{-\alpha}=(-1)^{\alpha}(x_{n}^{\alpha})^{*},$ $?J_{n}^{-\alpha}=(-1)^{\alpha}(x_{n}^{\alpha})^{*},$ $f^{-\alpha}=(-1)^{\alpha}(f\alpha)^{*}$
. $x_{n’/n}\mathrm{z}$ . ,
$\alpha=0$ . ( .
. ) (11), (12).
$( \frac{dE}{dt}=0)$ , (
(10) ). (10) $u_{\mathit{7}l}^{\alpha}*$ $(f=0. ’\nu=0)$ .
$\frac{d}{dt}u_{n}^{\alpha}\cdot u_{n}^{\alpha*}$ $=$ $ik_{n} \sum_{=\beta,\gamma-j}^{J}W_{N}\alpha\beta\gamma[\iota\iota u_{n+\iota}u\beta\gamma\alpha-\frac{\epsilon}{2}u_{7}\beta n+12n-1+u_{n}u_{n}^{\alpha}\gamma 1$
$- \frac{(1-\epsilon)}{4}u_{7}^{\beta}-1u^{\gamma}u_{n}^{\alpha}]^{*}\iota n-2$ (14)
$2 \frac{d}{dt}E(t)$ $=$ $\frac{d}{dt}\sum_{n=1\alpha=}^{n_{\max}}\sum_{-}^{J}u_{n}\cdot u^{\alpha*}j\alpha n$
$=$ $i \sum_{n=1}^{n_{\max}}kn\sum_{\beta,\gamma=-J}jW^{\alpha}\beta\gamma[N1+2u_{n}u_{n+}\beta\gamma\alpha u_{n}$
$- \frac{\mathit{6}}{2}u_{n-1n+n}^{\beta}u1u^{\alpha}-\gamma\frac{(1-\in)}{4}nu_{n}^{\beta\gamma}-12u_{n-}u^{O}]*$ (15)
$0$ . .
, $\epsilon j$ .
.
$H$ $=$ $\sum_{n=1\alpha}^{n_{\max}}\sum_{J=-}^{J}(-1)nkn|u|^{2}n\alpha$ (16)
(-l)n .
$\frac{d}{dt}H(t)$ $=$ $\frac{d}{dt}\sum_{n=1\alpha}^{n}\sum_{=}7l_{\mathit{7}}axJ-j(-1)nknu_{7l}^{\alpha}\cdot u_{n}\alpha*$
$=$ $i \sum_{17\iota=}^{n_{\max}}(-1)n_{k.\sum_{\wedge}^{J}nuu_{n}^{\gamma}u_{n}^{\alpha}}2\beta,,’=-JW_{N}\alpha\beta\gamma 1n+1\beta+2$
$- \frac{\epsilon}{2}u_{n-11n-}^{\beta}u_{n+}^{\gamma}\prime u^{\alpha}-\mathit{7}\iota\frac{(1-\epsilon)}{4}u^{\beta\gamma}17\iota-2u\mathit{1}\iota_{n}^{\alpha}]^{*}$ (17)
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. , 6 1/2 . .
, $\sum_{\beta_{:}\gamma-J}^{J}=$ $\beta,$ $\gamma$ ,
$(\alpha, \beta\backslash , \gamma)=(1, -1,0)$ $(\alpha, \beta, \gamma)=(-1,1,0)$
, Clebsch-Gordan ,
. (10) $J=0(N=1)$ ,
$f_{^{-}}^{\mathrm{I}}$
$(W_{1}^{\alpha\beta\gamma 0}==1)$ . $J=0$
, $Jarrow$ K 41 scaling .
3 Time advance and run parameters
(11), (12) $n_{\max}\cross N$ 4
. (11), (12) .
$\epsilon$ $H= \int(k\cross u(k))\cdot u(k)dk$









$J$ $N$ $n_{\max}$ $dt$
runl $0$ 1 19 $10^{-4}$ $10^{8}$
run2 2 5 19 $10^{-4}$ $6\cross 10^{7}$




: $E(t)$ , ; $Q(t)$ , : $S_{3}(t)$ ,
: $\epsilon$ ( , PDF ) $J$ .
Q( 1, 2 . $Q(t)$ , . 1
2 $J$ . $E(t)$ ,
$S_{3}(t)$ . 2 $E(t),$ $Q(t)$ .
2 $E(t),$ $Q(t)$ , $J$ . $S_{\mathit{3}}.\cdot(t)$
$J$ . 111 $\epsilon$ .
$\ln\epsilon$ PDF 3, 4 . $(\ln\epsilon-\overline{\mathrm{l}\mathrm{n}.\epsilon})/\sigma$ . $\sigma$
$\sigma^{2}=(\ln\epsilon)^{2}-\overline{(\ln\epsilon)^{2}}$ . $J$ .
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2: $E(t)$ $Q(t)$
(Gauss ) . $J$ .








3 $J$ , .
$\epsilon$ PDF , $J$ . ,
Praskovski &Oncley [9] (1997) .
$(R_{\lambda}\cong 3200),$ $\epsilon$ PDF $R_{\lambda}$ $(R_{\lambda}\cong 12700)$
$\epsilon$ PDF . , ( $\nu$ )
.
1. $(I=0)$ 2. $-(I=8)$
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3. – $(/=\cup j$ 4. ]\mp -- $(/ =8)$
42 2
: $E(k_{n}),$ $\mathrm{K}_{\mathrm{o}\mathrm{l}}\mathrm{n}\mathrm{l}\mathrm{o}\mathrm{g}\mathrm{o}\mathrm{r}\mathrm{o}\mathrm{V}$ : $K$ , : $S_{n}^{\mathrm{p}}$ , PDF : $x_{n}$ ,
: $\Pi(k_{n})$ $J$ .




$E(k_{n}/k_{d})$ $=$ $\frac{E(k_{n})}{\overline{\epsilon}^{1/4}\nu^{5/4}}$ (19)
$k_{d}$ Kolmogorov . $E(k_{n}/k_{d})$ $k_{l},/k_{d}$ 5
. $J=0\sim 8$ Kolmogorov $-5/3$ . 5
$-5/3$ . $J$
. 5 $-5/3$
, $-5/3\text{ }$ . $E(k_{n}/k_{d})$
$k_{n}^{5/3}$
.
$K’$ $=$ $\overline{\epsilon}k2/35/3En(k_{n})$ (20)




$K$ $=$ $\overline{\epsilon}k_{n}2/35/3(kn\eta)^{\delta}E(k_{n})$ (22)
$\delta$ $K$ 4 .
4 $J$ $-5/3$ . $K$ $J$
. $\delta=0$ $K$ .
: $S_{p}^{n}$ . $S_{p}^{n}$ Pierotti .
.
$\triangle_{n}(N)$ $=$ $\alpha\beta,=-J\sum_{\wedge}^{J}W_{N}\alpha\beta\gamma$








$\Pi_{n}(N)$ $=$ -Real $( \triangle_{n+1}(N)+\frac{1-\epsilon}{2}\Delta_{n}(N))$ (24)
$\sum_{p}(N)$
$=$ $\langle|\Pi_{n}(N)|^{p/3}\rangle$ (25)







, . Kolmogorov $\zeta_{P}=p/3$ . Eyink $i$
$\mathrm{K}41$ scaling ,
. 6 . $\zeta_{P}$ , $P$ . 6 $i$
$p/3$ .
PDF . $(n=16)$ PDF 7, 8
. $x_{n}/\sigma$ . $\sigma^{2}=x_{n}^{2}-\langle x_{n}^{2}\rangle$ . Gauss
. , , $J$ Gauss
. $J=0$ $Jarrow$
Gauss .
$\Pi(k_{n})$ PDF . $(n=7)$ PDF 9, 10




$\Pi(k_{n})/\sigma=0$ $J$ . ,
. , .
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N5. $\mathrm{u}\backslash \backslash \cross \mathrm{b}$ . $p/\cdot;$ ae $\zeta_{p}(\mathit{1}\mathrm{V}.)$
V. $(n=1\mathrm{b})$ PDF 8. $(n=1\mathrm{b})$ PDF
$(J=0)$ $(J=8)$












$\bullet$ . J lognormal .
2
Kolmogorov
$\bullet$ $J$ $\mathrm{K}41$ scaling .
$\bullet$ $J$ Kolmogorov $J$ .
$\bullet$ $J$ $\mathrm{K}41$ scaling .
PDF
$\bullet$ $J$ $\mathrm{K}41$ scaling .
PDF
$\bullet$ $J$ .
, $Jarrow$ 2 $\mathrm{K}41$
.
, Kolmogorov $K$ $J$
.
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